Abstract-In July 2003 the International Association of Geodesy (IAG) established the Global Geodetic Observing System (GGOS). The GGOS is integrating the three basic components: geometry, the earth rotation and gravity. The backbone of this integration is the existing global ground network, based on the geodetic space techniques: very long baseline interferometry, satellite laser ranging, global navigation satellite systems and Doppler orbitography and radiopositioning integrated by satellite. These techniques have to operate as one global entity and in one global reference frame. The global reference frame in the GGOS is a realization of the International Terrestrial Reference System (ITRS). The ITRS is a world spatial reference system co-rotating with the Earth in its diurnal motion in the space. The IAG Subcommision for the European Reference Frame (EUREF) in 1991 recommended that the terrestrial reference system for Europe should be coincident with ITRS at the epoch t 0 = 1989.0 and fixed to the stable part of the Eurasian Plate. It was named the European Terrestrial Reference System 89 (ETRS89). On the 2nd of June 2008, the Head Office of Geodesy and Cartography in Poland commenced operating the ASG-EUPOS multifunctional precise satellite positioning system. The ASG-EUPOS network defines the European Terrestrial Reference System ETRS89 in Poland. A close connection between the ASG-EUPOS stations and 15 out of 18 Polish EUREF permanent network stations controls the realization of the ETRS89 on Polish territory. This paper is a review of the global ITRS, as well as a regional and a national geodetic reference systems ETRS89.
Introduction
Historically, geodesy was limited to determining the shape of the Earth; its gravity field and its rotation, including changes of these parameters over time. One of the main tasks of modern geodesy is to define and maintain this global terrestrial reference frame. The quality of the reference frame realization has important implications for our ability to study both regional and global properties of the Earth, including post-glacial rebound, sea level change, plate tectonics, regional subsidence and loading, plate boundary deformation, and Earth orientation excitation (ALTAMIMI et al., 2001; SEEBER, 2003) . However, with modern instrumentation and analytical techniques, the scope of the geodesy has been extended to include observed changes, i.e., the dynamics of mass transport within the Earth system (PLAG and PEARLMAN, 2009; PLAG et al., 2009) .
In response to those challenges, in July 2003 the International Association of Geodesy (IAG) established the Global Geodetic Observing System (GGOS: http://www.ggos.org). The GGOS represents IAG in the Group on Earth Observation (GEO) and GGOS is IAG's contribution to the Global Earth Observation System of Systems (GEOSS) (PLAG and PEARLMAN, 2009; PLAG et al., 2009) .
The infrastructure of the GGOS consists of five distinct levels ( Fig. 1) , which depend on the distance to the Earth' surface .
According to the Fig. 1 , Level 1 at the Earth surface, the GGOS consists of the ground networks of in situ instruments and space-geodetic tracking stations as well as the data and analysis centers. There are the Low Earth Orbit (LEO) satellites in Level 2, with highly accurate orbits determined utilizing the ground-based level as well as Level 3, that is the GNSS. The ground networks and the GNSS are crucial in positioning. Level 4 of the GGOS is comprised of the Moon and planets, that is particularly important for the dynamical reference frame. Finally, on Level 5 there are stable quasars, which provide the inertial reference frame fixed in space (PLAG and PEARLMAN, 2009; PLAG et al., 2009) .
Observations provided by geodetic satellite techniques on different levels ( Fig. 1) are connected with common observations and form an integrated observation platform. Within the framework of the GGOS (Fig. 1 ) the geodetic space techniques (SLR, GPS, DORIS, InSAR, Altimetry), the gravimetric space techniques (orbit analysis, high-low satellite-tosatellite tracking, low-low satellite-to-satellite tracking, satellite gradiometry), the geodetic space techniques delivering earth rotation (VLBI, SLR, GNSS as well as the relevant astrometric techniques and missions) and the atmospheric sounding techniques (GNSS-to-LEO and GNSS to Earth) are integrated.
The pillar of this integration in GGOS is the existing global ground geodetic network used in realizations of the Terrestrial Reference System (TRS) (PLAG and PEARLMAN, 2009 ). The following concepts have to be considered before definition of the TRS:
-The reference system is ideal and conventional, in addition it has specified mathematical and physical properties. It can be specified as a set of findings and recommendations together with a description of models needed to define the origin, the scale (metric) and the orientation axis, and the variability of those parameters over time. -The reference frame is a practical materialization of the system by means of coordinates of reference points obtained by using observations. -The coordinate system is a system which uses one or more numbers or coordinates to uniquely determine the position of a point or other geometric element.
The Terrestrial Reference System (TRS) is a spatial reference system co-rotating with the Earth in its diurnal motion in space and provides a set of coordinates of some points located at or above the Earth's surface. Figure 2 shows the geometric interpretation of TRS.
Two coordinate frames are commonly used: a rotating system fixed to the Earth's surface (terrestrial; used for most practical applications) and an essentially inertial system fixed to the stars (celestial; where dynamical equations of motion can be solved). The celestial reference frame was historically specified by the equator, the ecliptic and the pole of the Earth rotation and was realized by the two-dimensional coordinates of a large number of stars. The present-day International Celestial Reference Frame (ICRF) is defined by the coordinates of a much smaller set of essentially stationary quasars which have positions that are far better known (ALTAMIMI et al. 2001) .
In the past, the terrestrial reference frame was realized mostly through national conventions. The International Latitude Service (ILS) formed in 1895 and of itself stressed the development of the first international group of globally distributed stations to define and monitor the evolution of the reference frame. Moreover in 1962, this group evolved into the much broader International Polar Motion Service (IPMS). SEIDELMANN, 1982) . The x axis is in the direction of IRM, the IERS Reference Meridian and whose y-axis is in the direction of 90°East longitude. -Celestial pole offsets. Celestial pole offsets are described in the IAU Precession and Nutation models. The observed differences with respect to the conventional celestial pole position defined by the models are monitored and reported by the IERS.
The ITRS and EOP are based on the geodetic space techniques such as PETIT and LUZUM, 2010) : -Very Long Baseline Interferometry (VLBI), -Satellite Laser Ranging (SLR), -Lunar Laser Ranging (LLR), -Global Navigation Satellite Systems (GNSS), -Doppler Orbitography and Radiopositioning Integrated by Satellite (DORIS).
The Technique Centres of the above geodetic space techniques are autonomous independent services, which cooperate with the IERS.
The Very Long Baseline Interferometry (VLBI) observations are provided in the frame of the IERS by the International VLBI Service for Geodesy and Astrometry (IVS) (SCHLÜ TER and BEHREND, 2007) . Figure 3 show a map of the VLBI stations (ivscc.gsfc.nasa.gov).
The VLBI technique is instrumental in establishing and maintaining the conventional celestial reference frame, called the ICRF (SCHUH and BEHREND, 2012) . The actual ICRF realization called ICRF2 contains 295 extragalactic radio sources (see Fig. 4 ).
The IVS provides high accuracy and unique products for the realization and maintenance of the celestial and terrestrial reference frames, ICRF and ITRF, as well as for the EOP (SCHLÜ TER and BEHREND, 2007) .
The Satellite Laser Ranging (SLR) and the Lunar Laser Ranging (LLR) observations are provided in the frame of IERS by the International Laser Ranging Service (ILRS) (PEARLMAN et al., 2002) . The International Laser Ranging Service (ILRS) was established in September 1998 as a service within the IAG to support programs in geodetic, geophysical and lunar research activities and to provide data products to the IERS in support of its prime objectives (PEARLMAN et al., 2005) . Figure 5 shows the map of SLR and LLR stations (ilrs.gsfc.nasa.gov).
The SLR is sensitive to the location of the Earth's centre of mass. Products derived from those SLR observations include precise satellite ephemerides, station positions and velocities of sites in the ILRS network as well as Earth Orientation Parameters (EOP) (PEARLMAN et al., 2005) .
The International GNSS Service (IGS) was formally recognized in 1993 by the IAG, and began routine operations on January 1st, 1994, providing GPS orbits, tracking data, and other data products in support of geodetic and geophysical research. Since June 1992, the IGS, originally known as the International GPS Service for Geodynamics, from 1999 simply as the International GPS Service, and finally since March 2005 as the International GNSS Service, has been providing precise GPS satellite orbit and clock corrections, along with other products, freely available for the public (DOW et al., 2009) . The IGS is an international activity involving more than 200 participating organizations from over 80 countries . Figure 6 shows the map of IGS stations (440 stations and 367 active stations as of 02 Dec 2012: http://igscb.jpl.nasa.gov).
The IGS together with the IERS pioneered the development of modern geodetic services in IAG. The IGS continues its mission to provide the highestquality GNSS data and products in support of the terrestrial reference frame; Earth observations and research; positioning, navigation and timing; and other applications that benefit society (DOW et al., 2009) . International DORIS Service (IDS) is an international service which provides a support through DORIS data and products to geodetic, geophysical, and other research and operational activities. Since 1st of July 2003, the International DORIS Service has been officially approved as an IAG Service after the decision of the IAG Executive Committtee at the IUGG General Assembly in Sapporo (ids-doris.org). As the DORIS network was deployed by a geodetic institution, great care was taken to select an appropriate geographical location that would enable colocation of DORIS stations ( Fig. 7 ) with other space techniques (VLBI, SLR and GNSS) . Table 1 describes each of the geodetic satellite techniques and their observation methodologies: targets, instrumentation, and resulting measurement (NOLL, 2010) .
The International Union of Geodesy and Geophysics (IUGG) adopted as TRS the ITRS at its General Assembly in PERUGIA in 2007, through its Resolution 2 (PETIT and LUZUM, 2010).
The regional TRS for Europe named the European Terrestrial Reference System 89 (ETRS89) has been adopted by the IAG Subcommision for the European Reference Frame (EUREF) following its Resolution 1 at the Firenze meeting in 1990 as the European densification of ITRS.
In the year 2000 the Polish government adopted the National Spatial Reference System (PSOP) as binding law on the Polish territory.
The first part of the paper presents the description of the global geodetic reference system, which currently represents ITRS. The second part contains the description of the ETRS89, which is densification of ITRS. The third part was devoted to PSOP existing in Poland and is currently being implemented. Practically only the GNSS satellite technology has been employed to set up reference system.
The International Terrestrial Reference System and Frame
The International Union of Geodesy and Geophysics (IUGG) defined by the IUGG resolution No. 2 adopted (in Vienna in 1991) the ITRS. The IERS responsible for implementing the ITRS system was set up in 1987 by the International Astronomical Union (IAU). The current ITRS system was defined by the IERS in the IERS Conventions 2010 (PETIT and LUZUM, 2010) The Terrestrial Reference Frame is defined as the realization of a TRS, through the realization of its origin, orientation axes, scale and their time evolution. We consider here that the realization of a Terrestrial Reference System is achieved by a set of physical points with precisely determined coordinates in a specific coordinate system as a realization.
Realizations of the ITRS are produced by the IAG ITRS Product Center (ITRS-PC) under the name of the ITRF. The ITRF coordinates were obtained by combination of individual TRF solutions computed by IAG International Services analysis centers using the observations of the Space Geodesy techniques: GPS, VLBI, SLR, LLR and DORIS. The ITRF is determined from input SINEX files containing technique-specific station positions and EOPs
The primary realizations of the ITRS are produced by the IERS ITRS Center (ITRS-PC) under the name of the ITRF. Since 1988, the IERS has realized 12 ITRF, viz., ITRF88 to ITRF2008.
The ITRF88 is the realization of ITRS system to the time t 0 = 1988.0. The ITRF88 was computed combining mean station positions (without station velocities) of VLBI, LLR and SLR observing networks (only 22 co-located stations) (Fig. 8) . The GPS solutions were included for the first time in the ITRF combination in 1991 and DORIS in 1994 (ALTAMIMI et al., 2005 .
From ITRF88 till ITRF93, the ITRF datum definition can be summarized as follows (PETIT and LUZUM, 2010; BOUCHER and ALTAMIMI, 1996) : -Origin and scale: defined by an average of selected SLR solutions; -Orientation: defined by successive alignment since BTS (BIH Terrestrial System) 87 whose orientation was aligned to the BIH EOP series. Note that the ITRF93 orientation and its rate were again realigned to the IERS EOP series; -Orientation time evolution: no global velocity field was estimated for ITRF88, ITRF89 and ITRF90, so the AM0-2 model of Minster and Jordan (1978) was recommended. Starting with ITRF91 and till ITRF93, combined velocity fields were estimated. The ITRF91 orientation rate was aligned to that of the NNR-NUVEL-1 model (ARGUS and GORDON, 1991) and ITRF92 to NNR-NUVEL-1A, adapted from NNR-NUVEL-1 (DEMETS et al., 1994) , while ITRF93 was aligned to the IERS EOP series.
ITRF2008 is the actual realization of the ITRS. The ITRF2008 uses, as the input, the data time series of station positions and Earth Orientation Parameters (EOPs) ( Table 2) , and has been provided by the Technique Centers (TC) of the four space geodetic techniques (GPS, VLBI, SLR, DORIS). Table 2 summarizes the submitted solutions by the IAG services, specifying the time span, solution type and the constraints applied by the TCs as well as the estimated EOP) .
The submitted VLBI solution involves more than 4000 session-wise SINEX files spanning the entire VLBI observation history (BÖ CKMANN et al., 2010) The ITRF2008 network comprises 934 stations located at 580 sites, with 463 sites in the northern hemisphere and 117 in the southern hemisphere. The ITRF2008 combination involves 84 co-location sites with two or more technique instruments operating and for which local ties are available (Fig. 9) (ALTAMIMI et al., 2011).
The ITRF2008 is specified by the following frame parameters (PETIT and LUZUM, 2010): The criteria that were retained for site selection are (ALTAMIMI et al., 2011):
1. Continuously observed during at least 3 years; 2. Located on rigid plates and far away from deforming zones; 3. Velocity formal error (as result of ITRF combination) better than 3 mm/years; 4. Velocity residuals less than 3 mm/years for at least three different solutions.
Stations that meet those criteria are in the group of stations and are used in the estimation of the transformation parameters between ITRS realizations. 
The conversion between different realizations (for example, A and B) the following transformation formula has been applied (BOUCHER and ALTAMIMI, 2011):
where the transformation parameters are linearly dependent of time. Therefore, the transformation parameter P, is noted as:
where t 0 is the reference epoch and _ P that parameter rate of change.
The transformations parameters between ITRF2008 and previous ITRS realizations are presented in Table 3 . The parameters in Table 3 are published in the IERS Technical Notes and Annual Reports http:// www.iers.org/ and available on the official ITRF web page: http://itrf.ensg.ign.fr/doc_ITRF/Transfo-ITRF 2008_ITRFs.txt.
Figures 10 and 11 show the ITRF2008 horizontal and vertical velocity fields with respect to the major plate boundaries .
The stations velocities presented in Fig. 10 show the tectonic plates movements, with the exception of stations located in the deformation zones. The horizontal and vertical velocities shown in Figs. 10 and 11, obtained from geodetic satellite techniques correspond very well with the geophysical models.
European Geodetic Reference Systems
The IAG Subcommision for the EUREF, following its Resolution 1 adopted at the Firenze meeting in the 1990, recommended that the terrestrial reference system to be adopted by EUREF will be coincident with ITRS at the epoch t 0 = 1989.0 and fixed to the stable part of the Eurasian Plate. It will be named ETRS89.
The acceptance of ETRS89 by several communities (civil aviation, industry, national and regional agencies) as the pillar of geo-referencing in Europe is a continuous process. EuroControl (European Agency for Safety of Air navigation) has used ETRS89 for a long time in its technical specifications. There is a recommendation by the European Commission to adopt ETRS89 as the geodetic datum for geo-referenced information and to promote the use of ETRS89 within its member states. Currently, ETRS89 is the regional European system derived from the ITRS and it is used as the coordinate system throughout Europe.
A first measurement campaign covering Western Europe was conducted in 1989, since then other GPS campaigns have been carried out ameliorating the results of previous campaigns and enlarging the territory covered to the Eastern Europe. Practical realization of the geodetic reference system ETRS89 (EUREF-89) was initially provided by 93 stations covering the Western European countries (European Economic Community, the Scandinavian countries and Austria and Switzerland) (Fig. 12) . The fundamental stations provided laser observations to satellite targets (SLR/LLR) as well as VLBI readings to quasars. In May 1989, GPS campaign was launched and GPS observations were also used to establish EUREF-89 (SEEGER et al., 1992) . Since 1997, the ETRS89 system has been implemented by the EUREF Permanent Network: http:// www.epncb.oma.be/ (Fig. 13) .
The EUREF Permanent Network (EPN) is used today to densify national reference frames (BRUYNINX et al., 2012a, b) . The local GNSS networks created for geodynamics studies are also connected to the EPN and/or IGS stations for reference frame realization (BOSY et al., 2009) . Based on the series of the regularly updated EPN multi-year position and velocity solution, the EPN stations are categorized taking the station quality and the length of the available observation time span into account ( KENYERES, 2009; BRUYNINX et al., 2012a, b) . Figure 14 shows the map of categorized stations as in October 28, 2012.
The class A: (green color in Fig. 14) are the stations for which positions have 1 cm accuracy at all epochs of the time span of the used observations. The horizontal velocities shown in Fig. 17 are nonzero and not homogenous with distinct local deformation zones. The vertical velocities (Fig. 18 ) correspond very well with the geophysical models, such as uplift of Fennoscandia.
The EUREF permanent network (EPN) stations stability analysis is crucial for determining the transformation parameters between the golobal (ITRS) and regional or national (e.g., ETRS89) TRS realizations. Specifications for ERTRS89 reference frame fixing for the GNSS campaign and transformation formulas between various realizations of the ETRS89 and ITRS are available from the memo v.8 by BOUCHER and ALTAMIMI (2011) .
The memo (BOUCHER and ALTAMIMI, 2011 ) is the official document of EUREF IAG sub-commission and describes the procedures for the implementation of the 1st level national network and determining the ETRS89 coordinates referred to a central epoch t c of the densification campaign.
The GNSS data are processed in ITRF YY and transformed to ETRS89 realization ETRF XX at epoch t c , according to the procedure described in the memo (BOUCHER and ALTAMIMI, 2011) , and presented schematically in Fig. 19 .
The input data are the ITRF and ETRF coordinates and velocities of EPN stations of the reference epoch t 0 . The GNSS data processing is realized at campaign epoch t c . According to memo v.8 (BOUCHER and ALTAMIMI, 2011) to compute an EUREF GPS campaign in ETRS89 referred to a central epoch t c , the procedure will be (Fig. 20): 1. The coordinates of reference stations in recent ITRF YY are transformed from epoch t 0 to campaign epoch t c using equation (1). The results are then all consistent with ITRF YY at epoch t c ; 2. Global Navigation Satellite Systems (GNSS) data are processed in ITRF YY (e.g., ITRF2008) and the target ETRS89 frame is ETRF XX (e.g., ETRF2000). In this case a two-step procedure should be applied:
(a) Transform ITRF YY coordinates at t c into ITRF XX using the IERS/ITRF published values which could be derived from Tables 1 and 2 Figure 18 ETRF2000 of EPN stations vertical velocities (With kind permission from: KENYERES 2012), (c) Kenyeres (2012) of this memo v.8 (BOUCHER and ALTAMIMI, 2011); (b) Use the formula (4) to transform from ITRF XX to ETRF XX :
The estimation procedure of T XX is described in Appendix 1 and of _ R XX in Appendix 2. The corresponding values are listed in Tables 3 and 4 of Appendix 3 of memo v.8 (BOUCHER and ALTAMIMI, 2011).
3. The above two-step transformation procedure could be performed in one step using 14 transformation parameters between ITRF YY (e.g., ITRF2008) and ETRF XX (e.g., ETRF2000). The procedure is described in chapter 4 and transformation parameters with rates are listed in Table 5 of Appendix 3 of memo v.8 (BOUCHER and ALTAMIMI, 2011). Table 4 Transformation between ITRS and ETRS89 realizations of selected EPN stations Vol. 171, (2014) Global, Regional and National Geodetic Reference Frames
ITRF (t )
As a final result, we get the coordinates of the current realization of ETRS89 system (ETRF XX ) at the average epoch t c of the GNSS campaign.
Actual realization of ITRS (ITRF YY ) is ITRF2008 and ETRS89 (ETRF XX ) recommended by Technical Working Group (TWG) of EUREF is ETRF2000.
Many European countries are now updating official coordinates from ETRF89 to ETRF2000 by campaigns realized in reference to the EPN stations. Table 4 shows an example of transformations between ITRF2008, ITRF2000 and ETRF2000 realizations according to the scheme shown in Fig. 20 and for the GNSS campaign at epoch t c = 2011.00 for selected EPN stations located close to Poland.
As shown in Table 4 , the velocities for ITRF2008 and ITRF2000 are significant. The intra-plate velocities in ETRF2000 are not zero and not homogeneous. It is, therefore, necessary to conduct the selection of reference stations for diversifying EUREF in each country.
Polish ETRS89 Realization
In 1992, the EUREF was extended to the Polish territory. The initiative of this project was put forward by a team of scientists from the Committee of Geodesy of the Polish Academy of Sciences (BARAN and ZIELINSKI, 1992) .
In 1992, the Head Office of Geodesy and Cartography in Poland requested the Department of Planetary Geodesy of the Space Research Centre, Polish Academy of Sciences to survey the EUropean REference Frame-POLand (EUREF-POL) network for the connection with the EUREF network (BARAN and ZIELINSKI, 1993; JAWORSKI et al., 2003) . The EUREF-POL campaign was conducted from 4 to 8 July 1992. Eleven stations were surveyed (Fig. 21) .
The The connection between Polish PSOP elements are shown in Fig. 22 .
The element that binds all the components of the Polish PSOP system is the ellipsoid GRS80 (Fig. 22) .
The polar coordinates (B.L or u; k) in the geodetic reference system above refers to the GRS80 (WGS84) ellipsoid. The quasi-geoid heights (H K86 or H ETRV2007 ) are also referenced to the GRS80 (WGS84) ellipsoid. Also, for mapping systems (xy 2000 and xy 1992 ) ellipsoid GRS80 projections are used. This greatly facilitates the practical usage of the system and unifies the calculations, such as Geographic Information System applications.
In the early 1990's Polish research centers launched GPS permanent stations (Borowiec: BOR1, (BOGUSZ et al., 2012a, b) . Figure 25 shows the ITRF2008 horizontal velocities of ASG-EUPOS stations (BOGUSZ et al., 2012a, b) .
The velocities shown in Fig. 25 are very similar to ITRS horizontal velocities computed by IGS and EPN analysis centers. The ITRS (currently ITRF2008) coordinates are transformed to ETRS89 (currently ETRF2000) using formulas and parameters published in memo v.8 (BOUCHER and ALTAMIMI, 2011), and finally weekly solutions are published by CAG MUT. Figure 26 show the ETRF2000 horizontal residual (intraplate) velocities of ASG-EUPOS stations published by CAG MUT.
Figures 27 and 28 show the ITRF2008 and ETRF2000 vertical velocities (KONTNY and BOGUSZ, 2012) .
Nowadays the reliable determination of horizontal and vertical velocities of permanent stations is an indispensable element in the correct realization of the reference system. The horizontal and vertical velocities in ETRS89 (e.g., ETRF2000) give us the possibility of transforming coordinates between ETRS89 realizations and control stability of catalog coordinates of the national base network.
In the present national legislation, the Polish part of the EPN network (Fig. 23) is currently a representative collection of fundamental points that correspond to the EUREF-POL network (Fig. 21) . Similarly, the ASG-EUPOS network (Fig. 24) is an alternative to the POLREF network (Fig. 21) . ETRS89 was originally extended to the Polish territory by the EUREF-POL and POLREF networks measured in repetitive epochal campaigns. Currently the ASG-EUPOS system offer precise positioning services in postprocessing and real-time mode, and provides a homogeneous reference frame for GNSS users in the territory of Poland. The system include three independent levels (Fig. 29) for the control of the stability of the ETRS89 realization in Poland (BOSY et al., 2008) .
The first level of control is being realized by the EPN Analysis Centers that each week calculate the coordinates of regularly distributed GNSS stations on Polish territory. The ASG EUPOS Processing Centre calculates the network on a daily basis according to the EPN standards, using Bernese GPS Software (v5.0). This procedure is used for a second level control of the stability of the ETRS89 for the Polish territory. Third control level is delivered by the Trimble GPSNet software and the reference frame is transmitted to the end users. The ASG-EUPOS system is actually a stable and uniform ETRS89 reference system realization in Poland.
Summary
The usage of satellite techniques: VLBI, SLR, DORIS and especially GNSS in geodesy, allows unification of the reference system at global, regional and national levels. The ITRS provides a stable basis for uniform measurements and determining the position of objects on or near the Earth's surface.
The European Terrestrial Reference System ETRS89 is the EU-recommended frame of reference for geodata in Europe. The EUREF is the geodetic infrastructure for multinational projects requiring precise geo-referencing (e.g., three-dimensional and time dependent positioning, geodynamics, precise navigation, geo-information). The European Reference Frame (EUREF) is realized in close cooperation with the IAG components (Services, Commissions, and Inter-commision projects) and EuroGeographics, the consortium of the National Mapping Agencies (NMA) in Europe.
The National Spatial Reference System (PSOP) is a consistent and unified coordinate system that defines latitude, longitude, height and horizontal coordinates in Poland.
